There is a need within human movement sciences for a markerless motion capture system, which is easy to use and sufficiently accurate to evaluate motor performance. This study aims to develop a 3D markerless motion capture technique, using OpenPose with multiple synchronized video cameras, and examine its accuracy in comparison with optical marker-based motion capture. Participants performed three motor tasks (walking, countermovement jumping, and ball throwing), with these movements measured using both marker-based optical motion capture and OpenPose-based markerless motion capture. The differences in corresponding joint positions, estimated from the two different methods throughout the analysis, were presented as a mean absolute error (MAE). The results demonstrated that, qualitatively, 3D pose estimation using markerless motion capture could correctly reproduce the movements of participants. Quantitatively, of all the mean absolute errors calculated, approximately 47% were less than 20 mm and 80% were less than 30 mm. However, 10% were greater than 40 mm. The primary reason for mean absolute errors exceeding 40mm was that OpenPose failed to track the participant's pose in 2D images owing to failures, such as recognition of an object as a human body segment, or replacing one segment with another depending on the image of each frame. In conclusion, this study demonstrates that, if an algorithm that corrects all apparently wrong tracking can be incorporated into the system, OpenPose-based markerless motion capture can be used for human movement science with an accuracy of 30mm or less.
to be measured as well as the sampling rate of video recording, because it can 21 estimate the human pose from RGB image without using a depth sensor. 22 Seethapathi et al. (2019) , which reviewed pose tracking studies from the per-23 spective of movement science, pointed out that human pose tracking algorithms, 24 such as OpenPose, did not prioritize the quantities that matter for movement 25 science. It remains unclear whether the accuracy of the OpenPose-based 3D 26 markerless motion capture is appropriate for human movement studies such 27 as sports biomechanics or clinical biomechanics. The aim of this study is to 28 develop a 3D markerless motion capture using OpenPose with multiple syn-29 chronized video cameras, then assess the accuracy of the 3D markerless motion 30 capture by comparing with an optical marker-based motion capture.
31

Materials and Methods
32
Participants. Two healthy male volunteers participated in this experiment. The 33 mean age, height, and body mass of the participants were 22.0 years, 173.5 cm, 34 and 69.5 kg, respectively. The participants provided written informed consent 35 prior to the commencement of the study, and the experimental procedure used 36 in this study was approved by the Ethics Committee of the university with 37 which the authors were affiliated.
38
Overview of data collection. Participants performed three motor tasks in the 39 following order: walking, countermovement jumping, and ball throwing. These Marker-based motion capture. Forty-eight reflective markers were attached onto body landmarks (Figure 1 ). The coordinates of these reflective markers upon the participants' bodies were recorded using a 16-camera motion capture system 48 (Motion Analysis Corp, Santa Rosa, CA, USA) at a sampling rate of 200 Hz.
49
The elbow, wrist, knee, and ankle joint centers were assigned to the mid-points 50 of the lateral and medial markers, while the shoulder joint centers were assigned 51 to the mid-points of the anterior and posterior shoulder markers. The hip joint 52 centers were estimated using the method described by Harrington et al. (2007) .
53
The raw kinematic data was smoothed using a zero-lag fourth order Butterworth (nose, neck, shoulder, elbow, wrist, hip, knee, ankle, eye, ear, big-toe, small-toe, and heel) 
